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AWLICATIONS OF’Dtil)EC~Extraction CIIROM4TOGRAPHYTO
NUCLJ!ARANALYTICAL CIIJW.STRY

S. F, Mnrsh and 0. R. Simi. Analytical and Instrumental——
Chc!mistryCroup, Los Alamos National Laboratory, Los
Alamos, New Mexico, USA

ABSTRACT

Dil~cxyl-N,N-d~ctl]ylcarbamyJn]ethylencphosphoni~te(IXIDECMP)
is a highly selectlvc:extractilnt.for actinidcs and lanthan-
idrs. This reagent, cxtcnsivcly studied for process-scale
ope~ntinns, also has valuable analytical itpplications. JIx-
trtlctioncllromatogr:~p!liecolumn:: of DIIDECHP,supported on in-
ert, pOrOUs, polymer bends cffcctivcly scparatc most r 2tcIllfc

impurity Olcmcnts from the retained inner transition elwnents.
The!reta~nod clement.scan be scpt-tratedinto individual frat-
tionftof (1.)Innthanldc?.,(2) americium, (3) plutonium, and
(4) uranj.llmby rnfxod-solven~ anion exchange,

IN’TRODUCTION



literature, only Baker” has reported application of I)llDECMP
to analytical-scale separations.

At Los Alamos we routinely use extraction chromatograph-
ic columns of lX{DEC?fP,supported on Chromosorb-102 beads, to
separate most metallic impurity elements from actinide ma-
trices before the im urtties are measured l!yemission spec-
trography. ?Xavratil reports that 33 elements can be ex-
tracted into DHllECNPfrom 7M HNOl w~th extraction coeffi-
cients of less than unity a~d therefore can he separated
readily from an actinide matrix. The separation is applica-
ble to uranium, plutonium, trivalent actinldes, or mixed ac-
tinide materials.

SOURCES AND PURIFICATION OF REAGENTS

DHDECMP

Because extraction with DIIDECNPis tnfluen(ed by reagent
purity, the variation in distribution coefficients reported
in the literature is not surprising; it probably is attribut-
able to purity differences in the DHDECMP used by the cxperi-
mentersg

\JaterecCllenlical,Company, l,u~uff,SC, supplj.esDl~DECMP
of a nominal 50;~purity. ilr~yOil Company, Los Angeles,
which offers DHDECNP of ’85X purity, is investigating a pro-
cess that w~ll upgrade the purity t.(:~.95%0 “It]ef)HDZCNPused
in cur Investigation was produced to ‘s95Tpurity, on a special
ordcr~ by Organometnllics, Inc., East Mnmpstcnd, till.

DilDECl@may bc purified of the corrcsponflingclillexyl
ester of phosphoric acid by ncid IIydrolysis,followed by pas-
saae throujthn column of Amherlitu A-26 (Ilydrclxidc-form).”
A more cot,prol]cnsivcpurlfj.cution,develowd by Sc.hrocdc?r,7
reacts IXIDHC?*Pwith m~trcuricnitratc~to form a prec~pitate of
Hg(l)HDKc?ll’)::(‘1, Hercurv is dissoc~atcd from this salt Ly
prcfcrcntl:ll.compl~’x;]t~onwith bnsic cyi.inlc.it!, w!lcrcwpon ~hc
liberated D!lDEC?TPis cxtractcd flltol~~xiin~ ond repeatedly
washed f.”coof mercuric ~yilnld~with wntcr, Finally, the
hexanc is d~st.illcdi-lw[lyunder rccluccdprctisurcto yield the
pur~.ficdDHDKc}fP,

Chromosnrh-102 Bends~....-. ........--—

Extrnctjon chromat.ofiraphycombjncs the hencfits of
l,iquid-liquldsolvent cx.1’uctionwith thu advontnge of multi-
etngc opcratfon, fn whl.ch compont2nL:: Iln.lnflrrl~~tivc]yFfnall
dfffcrcl~cosjtldlstrlbut~(m cocff~cic!,ltscarlhc seporatcd
Wlsily and Compl(?t’clyoExtinction chrnmatogrnphy has been



studied at Rockwell Int~:rnat~onal,Rocky Flats Plant, as a
plant process for recover!.ngamericium.fi Of more than 30
support materials evaluated, the Rocky Flats study recommends
Amberlite XAD-4, a macroporous nonionic, polystyrene-divinyl-
benzene copolymer. Unfortunately, the only commercially
available kiI&~ beads are 20 to 50 mesh, a size much too
coarse for ~.sein aniilytiCal-sCale columns. Our attempt to
convert the LID-4 beads to an appropriate size by grinding
and sieving contributed unacceptably high levels of
impurities.

}Iowevcr,Chron:osorb-102,a rnacroporouspolymer
similar to Amberlitc XAD-4, is av.~ilablein several
sizes, Johns-!4anville,Denver, supplied the 120 to
fraction used in our investigation.

Chrnmosorh-102, as received, is insufficiently

metallic

material
mesh
200 mesh

pure for
use in separating trace metallic impurities for analysis,
The impurities in Chromosorb-102 beads are reduced to accept-
able levels by tilefollowing procedure, First, the beads are
soaked overnight in an equal-volume mixture of 6~ tiCland
methanol and arc ~cparated from the solution by vacuum filtra-
tion, (!+ethanolis necessary to wet th~+ hydrophobic beads.)
‘Thesoak/filLratiun cycle is done twice again. The purified
beads i]r~: IJashcdwith an cq[jal-volumemixture of methanol,and
high-purity water until no llCIodor is disccrnable, Finally,
the beads are washed with anl~ydrousmethanol to remove resici-
ual water and arc scpnrntcd from the solution by vacuum fil-
tration. After bein~;dried to constant weight in a vacuum
desiccator, the heads are ready to be cotited.

PREPARA’!’IOSOF BEAIM AND COLWNS

l)Hl)~C)m-CoatcJ~C(7dS—-

Tho purified, drjcd Cllromosorb-102beads are c-tted with
IMIDECNPhy the followjng propcdurc, First, 33 g of -952 pure
DHDECNf’is wcl.ghedInto a clciln400-ml beaker, diluted to
“1.20ml with pure hexane, and m]xcd thorou~hly, Then 50 g
of binds aro added slowly [+ndin small incrwncnts, suffi-
cient time must h~’allowc!dfor cnch incrument of bends to bc-
comc snturnt(’dwith liquid before adding mot-o, Next, the
hcxan~ ~s evapotittcd from the Immcrscxlbcuds, first in air
and tl~enunder vacllum,tO n final wuifihtof 83 g, The
Dlll)KCMP-contcdhcnds should l~i~ve the appcarnncc and pouring
characteristics of u drv powdzr,

Chrom:\Lograph~cColumns—..- .—.—

‘1’liochromnto[:rnphlccolumns arc prepared by the followi-
ng ~roccdurc. The hemispllcliual‘:npof a %m]. polycthylcnc
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dropper (Cole-Parmer No. C-6226-02 or equivalent) is removed
so that the dropper becomes a 6-x 100-mm column with a reser-
voir. A small portion of quartz wool is inserted in the tip
of the column to support the coated beads. Next, 1.5 g of the
DHDEC”MP-coatedbeads are transferred to the column and the
side of the column is tapped until the bead level settles to
-6 mm below the reservoir. Anrcher portion of quartz wool is
inserted in the column above che bead bed.

Air is displaced from the bead bed by gently backfilling
the column with water from a disposable, plastic hypodermic
syringe connected to the column by flexible l/8-in, id. tub-
ing. When the entire bead bcd and upper quartz wool plug
have been wet (without dislodging the beads), the syringe is
disconnected,

The fille$ column is pretreated by washing it sequen-
tially with 6 ml of distilled water, 6 ml of 0,1?!HN03, and
6 ml of 5.5~HN03. The column now is ready for ~se.

EXPERIMENTAL

The extractability of various ions by DHDECNP is highly
dependcn: on the aqueous acid medium from which they are ex-
tracted. Uran~u:nis cxtractcclpreferentially frcm !~yclroci:lc-
ric acid over a wide conccn-

~

-1,.-—..,----~ .-i.. i..-r—-----

tratlon range (Fig, 1); how-
ever, the relativcl.yhigh vol-
ubility of DI{DECNPfn t]liS ~

acid precludes its use as tl~e
extractant fn chroma~ographic 1000
coltmns, In extractions from

.
4

perclll.oricacid f]~ig.2), tl]e
distribution coc~ficients of ,..,.“ ....- ..- .. ,- ----
all nctinidcs and Innthnnidcs
exceed 500 i)vcrthe range oi ICC:
0,1-8~ HCIC)I+;however, many

t
FeWI)

other clctwnts nlso arc h~~l~ly
cxtrtictcxlo

1

)
In most rvportocl investi-

gations USIIIH ,NII)E(:}IP, cxtr;lc- 10:..

I
I

~\ -

Pu(m “

tiont;!~ilvc’ hr(’I f’r(mllllL3’lc
ncid, ‘rhn801ubil[tY Of
I)IIDI{CNI’in this clc~dis only

I U(w)

0,4 g/l~tcr,a a valtlcRuffi-
I_ Eu,Am(lll)

cicntly low to he compatihlc 1; ..! .. . . !-_l..—L.
3 .tS #j e ~—---’—’—-

witl~cxtractjcm ,:llrol]la:ograj)l)y, ~ tic:

Our extraction data from
F’igurc1, Extract~on from
Hcl into t)llDltcMP
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F~gurc 2. F.xtraction from F3gurc 2.
tlCICJ,.into llliP~C}fP HNOj into

nitric acid (Yjg. 3) show Pu(IV) ~ U(VI)
with all distribution CoCffi.ZiWlL2bclng

~ H:103

Extinction from
DItDIX?W

> ~(111) =Eu(II1),
>100 over the range

of 4-8}! IIW!. Iron is m:racted only wenkly below 6~}IN01.
Bccau~~nitrlr acid offers hiEh eelcctivity for actinidcs and
lanthanicles, and low volubility of DIIDHCM?,we selected ft for

the initinl ~~”parationrf most other elements.

FiEurc 4 Ghows the elements retained and thope elutcd in
5.5~ N!JOIfrom DllDEC!fPchrcmatogrnphic columns, prcpnrad as
dc~crjbcd prrvio~sly. A few clcmen~s were o:Ilypartially
cxtrac~cd: tllcscclcmcnts might bc either cGmplcLcly ex-
tracccd or tomplctcly toc:lincdin ● ~omewhat dlffercnt concen-
tration of nilric acid, Thu retained clcmcnt~ then arc eluted
with hvdrocllloricacid PI1lHhydrofluoric acid for recovery
(FiEurc 5) or odditjonnl cllcmicalscpnrations (I”lgurc6).

PROCEL)IIRESFuR CIIEMICA1.Sill’ARATION

A. ~nrnt~on of Im~\lrlticHfron Actinidce (and I.nnthnnides)—-— —.. -.-.— ..— --—.—. ....

1. Prqmrc m~ cxtrnction cl~romtogrnpllic column of DllDECMP-
contcd I)rnd:lns dcecrihcclearlier.

2. Place nn nprropriatr rcculvcr under the column, and trans-
fer to thu column -1 ml oi 5.5~llNf’)3contnjning not more
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Figure 4. Distribution of Elements on DHDECNP
Extraction Chromatographic Column from 5.5~ NN03

DISULYED At_TlSIDE (LAS’I llA!il [11:) Si\’Jl’l.1:

T

.— .—— U J Pu + Am + I,ASTIIA};[D~

In 03:.1 IICI-OCI I!! t!:— ——.——
EV,\I)f!l{.i’lk:

1
FUMEWT’11I:CIO,

i
P!:l)ls:.o[yl, l!; r;‘-::1II:;IJ, mnlw)lsL I.\

.—L.,
25: 12:!1Ilc: :,:: ~“~x:

I

-— 14w14Altlma
UL m

LA\l I,a,, I:$,,4
L1.’.1K 1- a%I?Mllcl.ArLmW,

LmAhllm

1

m l.’yH:l.Atlml\c

Figure 5, Outline of l’)lIDECHP
Extraction Chrornatogrnphic

AC1:K: I:: ;:,1 IICI w- i 1! ,;LLW!I*
Qbll%LYLJ

Column Sept3raLion UM11:1-clw HI .—. W;nrwlllll Pu

3.

4,

5,

L OIMNCI

than 15 mg of the dls~olvcd
—- Utu%ls

actinidc(s). Allow the kk

solution to drain complete-
ly.

Complete the snmple trnns- Figuro 6, Outline of Anion
far to Lhe column by rins- Exchnnge Column Scparution
Ing the sumplc container
twice using a l-ml portion
of 5,5rJIIN03 Cnch t+-co

Pass anotl;or9 ml of 5.53 llNO~throufihthe column to com-
pkto thr elution of impurity elements.

Elutc the ~orhcd nctinides (aII’lanthnnidca) into a



8Uitable contahcr for recovery or additional separation with
12 ml of 0.31JIlCl-0.01flHF.

The separation of individual actinides is based on anion
exchange. The procedure usca the hydrochloric acid-acetone
medium reported by Orlandirligco separate lanthanides from
trivalent accinides and the aqueaus hydrochloric acid system
used at Los Ahmos f?; routine separations of americium, plu-
tonium, and uranium.

1.

2.

3.

4.

5.

6.

7.

8.

Q,

10.

Add 5 drops of 6~ HC1O. to the column eluate [from Step
A.5) and evaporate the solution to dryness.

Prepare a fresh 25 vol% 12~ HC1-acetone mixture.

Prepare a fresh 60 vol% 122 HCi-acetone mixture. Keep
both mixtures capped to minimize acetone evaporation.

Prepare a fl-x 60-mm ion exchange column from a 1.6-ml
polyethylene dropper (Cole-Parmer NLI.C-6096-00 or equiva-
lent) by removing the uppermost layer of plastic to form
an open reservoir and column, Tns(.rta small ForZion cf
quartz wool in the tip to support t}ieresin.

Add to the column a slurry consisting of Bio-Rad ACWP-1,
mncropGrous, 50 to 100 mesh, anion exchange resin (or
equivalent) in Lhc 25% llC1-acetonesolution. Continue
adding slurry until the settled resin height IB just bc-
low the reservoir.

Pretreat the nnlon cxchancc resin by pasBing 5 .-1 of 25%
NC1-ncctonc through the column, (Cover the column with
an inverted bcukcr to minimize evaporation.)

Plncc an appropriate reccivcr for the lanthanidc fraction
under the column.

Dissolve the dr’uclresidue (from SLcp 9,1) with a l-ml
portion of 25”:llC]-:lcvtunc nnd trnllSfL1l” to the columr.
AIILIW~his solution to drain complcL~’1::,then rinse the
residue contalnor twice with l-ml portion~ of 25’: llCl-
acutonc and trnn~fcr each portion to tilet.olumn,

Complete the clution of tlluIanthanidc fraction by pass-
ing anothor 15 ml of 25% llC1-acetonethrough the column.

Place an appropriate rcccivcr for the americium fraction



11.

12.

13.

14.

15.

under the column.

Elute the americium with 4 ml of 60% HC1-acetone, fol-
lowed by 8 ml of aqueous 12~HC1. (The 60% HC1-acetone
provides an intermediate step in the transition from 25%
HC1-acetone to zqueous 1~~ HC1; wirhout it gas bubbles
form and plug the resin column.)

Place an appropriate receiver for the plutonium fraction
under the column.

Elute the plutonium with 4 ml of 12~HC1-0.1~ HI. Allow
10 minutes for complete reduction of plutonium to Pu(III)
by iodide. Then elute the remaining plutonium with an-
other

Place
under

Elute

6 ml of 12~HC1-0.1~ HI.

an appropriate receiver for the uranium fraction
the column.

the uranium from the column with 8 ml of O.1.~HCl.

ADDENDUM

As this paper was being written, we received a sample of
Lewatit E803/81, a proprietary extractant resin containing Los
Alamos-supplied D1lDZCMP. The resin, provided by Yobay Chemi-
cal Corporation, Pittsburgh, Pa., was prepared for our evalua-
tion by Bayer AC, a German affiliate. The extractant resin
beads range in size from 25 to 140 mesh, with most in the 60
to 7C mesh range. Because the extractant is incorporated in-
to the beads as they are polymerized, the DHDECMP load is
quite higkl, 310 g/liter of resin. Based on cur preliminary
evaluation, a 6- x 100-mm column of either Chromosorb or
Lewatit resin retains >99.99% of 15 mg of americium. The
Lewatit resin has the h~.ghercapacity, because its i.)HI)ECMP
load is about 1.5 times that of the Chromosorb. l!owever,its
larger bead size makes the Le\\’atitresin somewhat less suit-
able for analytical-scale columns.

ACRNOWIXDGNE?:’f

Alexander .1.Sil-erof }lOhayChemical Corporation provfded
the sample of Lewatit E803/81 extractant resin.

REFERENCES

1. W. W. Schulz and L, D. McIsnac, “BiclentateOrganophospho-
rus Extractants: Pur{flcati.on.Propvrtit:s$and Applica-
tions to Rcmovi]l of Actinides from Acidic Waste Solutions,”
Proc, Int, Solvent Extraction Conf,, Torontn, Canada,



Septemhcr 9-16, 1977.

2.

3.

4.

5.

6.

7.

8.

9.

10.

J. D. Navratil and C. H. ‘rhompson,Nucl. Techn. Q 136-
145 (1.979).

L. D. ?lcIsaac, .J.D. Baker, J. F. Krupa, R. E. LaPointe,
D. H. Meikrantzr and N. C. Schroeder, “Study of Bidentzte
Compounds for Separation of Actitlidesfrom Commercial LWR
Reprocessing Wastes,” Idaho Rational Engineering Labora-
tory report ICP-1180 (February 1979).

J. D. Baker, R. J. Gehrkeo R. C. Creenwood, and D. H.
Meikrantz, Radiochim. Acta &51-54 (1981).

J. D. Navratil, “Chemical Research at I+ockyFlats,”
Rockwell International Corporation report RFP-2774
(February 1978).

C. E. Alforc!and J. I).Yavratil, “Evaluation of Extract-
ion Chrcmacography for Americium Recovery,” Rockwell
International Corporation report RFF-2625 (March 1977).

N. C. Sc}iroeder,L. D. McIsaac, and J. F. Krupa, “Puri-
fication of Dihcxyl-X,N-cliethylcarbamylmethylenephcspho-
natc by !farcury (11) prccipicat.ion,ll Exxon ?luclear Idaho
Company report ENICO-1026 (January 1!380).

L. D. McIsaac, J. D. Baker, J. W. Tkachyk, “Actinide
Removal from ICPP Wastes,” Idaho National Engineering
Laboratory report ICP-108O (1975),

K. A. Orl.andiniand J. Korkisch, “Anion-Exchange Behavior
of Transplutonium Elements and J.anthanidesin Hydrochlo-
ric Acid-organic Sol\’cntMixtures,” Argonne Kational
Laboratory report ,$S1.-7415(January 1968).

S. F. Marsh, }1.R. Ortiz, R. M. Abernathy: and J. E.
Rein, “I:~provcdTwo-Column Ion Exchange Zepalation of
Plutonium, Uranium, and Neodymium in NixcclUra.nium-
Plutonium Fuels for Burnup Ncasuremcnt,” Los Alamos
Scientific Laboratory report LA-5568 (June 1974).


